ABSTRACT
Introduction
The yellow gentian (Gentiana lutea L.) is a medicinal plant, which is largely applied in traditional and formal medicine. Its medical efficiency is due to the secoiridoid glucosides localized in the roots. For this reason G. lutea has been excessively collected over the last years, and is in the category of threatened plants. The species is protected by the "Law for Environmental Protection" and is included in the Red Book of Bulgaria.
Therefore the development of an efficient in vitro method for enhanced micropropagation is of economic importance. The investigations are related to the identification of optimum nutrient media and the condi-tions for induction of callusogenesis, organogenesis and regeneration in Gentiana species (15, 8, 7) .
Association between isoenzyme patterns of in vitro regenerated plants and different growth regulators has reported (6, 5, 3, 12) . In these cases, however, plantlets derived from callus cultures have been investigated. No studies have been carried out on the isoenzyme expression of in vitro micropropagated plantlets (obtained through direct bud formation) grown on nutrient media differing in the type and concentration of growth regulators.
The objective of this work was to study the effect of different types of growth regulators on the ADH, EST, ACPH and GOT isoenzyme and protein patterns from leaves of in vitro micropropagated plantlets of G. lutea.
Materials and Methods

Plant material
Seeds of Gentiana lutea belonging to the same ecotype in their natural habitat -the reserve Bistrishko branishte, Vitosha Mountain near Sofia, Bulgaria, were used to initiate in vitro culture. After germination on Murashige and Skoog (9) (MS) medium in the presence of GA 3 (50 mg l -1 ) seedlings were cut into segments with apical or axillary buds. The explants were cultivated on five nutrient media supplemented with growth regulators of different concentration (Table) . Sucrose and agaragar content was constant, 3.0% and 0.7%, respectively. The pH was adjusted to 5.7 before autoclaving (120 ºC for 20 min). For regeneration the plants were grown in a chamber at 22 ºC and 16 hours photoperiod and illumination 50 μmol m -2 s -1 . Culturs were 12 week-old (three passages) prior to experiments. For isoenzyme and protein analysis young leaves of morphologically identical plantlets (five cm length) at the same developmental stage were collected.
Protein and isoenzyme analysis
The electrophoretic patterns of four enzyme systems belonging to three classes were investigated: dehydrogenases -alcohol dehydrogenase (ADH) (E.C.1.1.1.1.), hydrolases -esterase (EST) (E.C.3.1.1.1) and acid phosphatase (ACPH) (E.C.3.1.3.2.) and transferases -glutamate oxalacetate transaminase (GOT) (E.C.2.6.1.1.). The reduced proteins at SDS conditions were investigated. The extraction medium for the reduced proteins was according to Smith and Payne (14) , namely: the stock solution (12.5 cm 3 1M TRIS-buffer, pH 6.8, 24 cm 3 water, 20 cm 3 glycerol and 4.0 g SDS) was mixed with 2-mercaptoethanol, dimethylformamide and water in a ratio 17: 6: 10: 7 (v/v). For isoenzyme analysis the plant material was homogenized with 0.05 M TRIS-HCL buffer, pH 7.2 containing protective supplements 6 mM ascorbic acid, 6 mM cystein hydrochloride and 0.5 M sucrose (11) . The plant material for proteins and enzymes was homogenized with the respective extraction media (1:1, m/v). Homogenates were centrifuged at 10 000 g for 30 min. All operations were carried at 4 ºC. 
Results and Discussion
The electrophoretic patterns of the reduced proteins were identical for the in vitro plantlets cultured on all of the nutrient media (Fig. 1) . The protein components were divided in four zones and their Mm was in the range of 24 kDa to 66 kDa: 24-29, 36, 45-55, 66. Two of the components with highest intensity belonged to the 66 kDa zone. According to the qualitative variation of ADH four phenotypes were established in the in vitro plantlets of G. lutea (Fig. 2) . The phenotypes differed in the number of isoenzymes divided in two zones. The plantlets cultured on media B and C were of the same phenotype but differed in the isoenzyme activity. Such kind of difference was also valid for the homologous isoenzymes of the in vitro plantlets on the other nutrient media. Hydrolases, represented by EST exhibited four isoenzyme phenotypes (Fig. 3) . Three zones of isoenzyme activity were observed. The plantlets cultured on A and B media did not differ in the qualitative expression of the isoenzymes but some differences in their activity were observed. The other three types differed in the number and electrophoretic mobility of the isoenzymes in the first and second zones mainly. In ACPH, three phenotypes were observed (Fig. 4) . The isoenzymes from the cathode zone in the plantlets cultured on the E media were not expressed.
Transferases, represented by GOT, showed identical isoenzyme phenotypes with eight isoenzymes separated in two migration zones for the plantlets on the different media (Fig. 5) . There were some differences in the isoenzyme activity in the fast moving zone between the plantlets.
The results presented reveal variation in the expression of the polymorphic enzymes in the leaves of in vitro micropropagated plantlets of G. lutea grown on media including different types and concentration of growth regulators. Significant differences were detected in the expression of EST, ACPH and particularly of ADH. No differences were found in the expression of GOT. Since the plantlets belong the same ecotype and are morphologically and developmentally identical, the variation in the isoenzyme patterns could be interpreted as a result of the differences in the type and concentration of the growth regulators included in the nutrient media. However, it is difficult to relate the expression of isoenzymes with the presence or absence of definite growth regulators. For instance the components of the nutrient media B and C differ considerably, but the variation in ADH pattern was only in the activity of isoenzymes. Similarly, almost identical isoenzyme patterns of GOT and ACPH were observed in the in vitro plantlets of G. lutea grown on either of the nutrient media tested. On the other hand significant difference in the isoenzyme expression of ACPH was found between the plantlets grown on C and E nutrient media which differ only by the quantity of the zeatin and IAA. The differences in the phenotypes of EST, ACPH and especially ADH in the in vitro plantlets probably result from modification in the expression of their coding loci under the influence of the different growth regulators and their concentration. However, as evidenced by the phenotypes of the reduced proteins, such modification in the expression in the respective coding loci has not been found. 
